Introduction {#S0001}
============

Laryngeal squamous cell carcinoma (LSCC) as the most common type of laryngeal cancer is a rare type of human malignancy but causes unacceptable higher mortality rate due to it highly aggressive nature.[@CIT0001] Although human papillomavirus (HPV) infection has been proved as a risk factor of LSCC, HPV positive patients only accounts for a small portion of LSCC cases and early screening of HPV infection failed to significantly reduce the incidence of LSCC.[@CIT0002]--[@CIT0004] At the present, the treatment of LSCC is still challenged by the high prevalence of cancer metastasis by the time of first diagnosis.[@CIT0005]

The human genome transcribes both messenger RNAs (mRNAs) and non-coding RNAs (ncRNAs) to regulate biological processes.[@CIT0006] Different from the roles of mRNAs as mediators between DNA and protein products, ncRNAs directly participate in both physiological and pathological processes in the form of RNA.[@CIT0007] Long non-coding RNAs (lncRNAs) and microRNAs (miRNAs) with different lengths are two major subgroups of ncRNAs. A growing body of literatures has shown that lncRNAs and miRNAs may interact with each other to participate in human cancers.[@CIT0008]--[@CIT0010] LncRNA MIR100HG promotes breast cancer,[@CIT0011] while its involvement in other human diseases is unknown. Our preliminary RNA-seq data suggested the upregulated expression of lncRNA MIR100HG and its inverse correlation with miR-204-5p. In the present study we showed that lncRNA MIR100HG promoted cancer cell proliferation, migration and invasion in LSCC possibly through the downregulation of miR-204-5p, which has been characterized as a tumor suppressive miRNA in LSCC.[@CIT0012]

Materials and methods {#S0002}
=====================

Research subjects {#S0002-S2001}
-----------------

Our study included 70 patients with LSCC who were diagnosed and treated in the First Affiliated Hospital and College of Clinical Medicine of Henan University of Science and Technology from January 2016 to July 2018. Inclusion criteria: 1) patients diagnosed through pathological biopsies; 2) patients with complete medical record; 3) patients willing to participate and signed informed consent. Exclusion criteria:1) Patients who were diagnosed with multiple diseases; 2) patients who had been treated before admission. The patients included 37 males and 33 females, and age ranged from 22 to 66 years, with a mean age of 44.8±5.7 years. According to AJCC staging, there were 12 cases at stage I, 18 at stage II, 25 at stage III and 15 at stage IV. Based on the location of tumors, there were 40 cases of glottic carcinoma, 22 cases of supraglottic carcinoma, and 8 cases of subglottic carcinoma. This study was approved by the Ethics Committee of the First Affiliated Hospital and College of Clinical Medicine of Henan University of Science and Technology before the admission of patients.

Specimens and cell line {#S0002-S2002}
-----------------------

All patients received biopsies and tumor and adjacent (within 2 cm around tumors) healthy tissues were collected. All tissue specimens were confirmed by 3 experienced pathologists. UM-SCC-17A Human LSCC cell line was used to performed all in vitro cell experiments. Cells of this cell line were purchased from MilliporeSigma (Burlington, MA, USA). Cells were cultivated under conditions recommended by MilliporeSigma.

Real-time quantitative reverse transcription PCR (qRT-PCR) {#S0002-S2003}
----------------------------------------------------------

To detect the expression of lncRNA MIR100HG, total RNA was extracted using Trizol reagent (Invitrogen, USA), Applied Biosystems™ High-Capacity cDNA Reverse Transcription Kit was used to perform in vitro transcription, and PCR reaction systems were prepared using SYBR® Green Real-Time PCR Master Mixes (Thermo Fisher Scientific, USA). To detect the expression of miR-204-5p, miRNAs were extracted using miRNeasy Mini Kit (QIAGEN), reverse transcription and performed using qScript microRNA cDNA Synthesis Kit (Quantabio) and PCR reaction systems were prepared using miScript SYBR Green PCR Kit (QIAGEN). Primers of lncRNA MIR100HG, miR-204-5p, as well as endogenous controls GAPDH and U6 were designed and synthesized by Sangon (Shanghai, China). Data normalizations were performed using 2^−ΔΔCT^ method. Expression of lncRNA MIR100HG was normalized to GAPDH and expression of miR-204-5p, was normalized to U6. It is worth noting that we detected mature miRNA after adding poly A. The forward primer was: 5ʹ-TCGTCCCTTTGCCTTCCCAGC-5ʹ (reverse complementary sequence of miR-204-5p) and reverse primer was poly T.

Cell transfection {#S0002-S2004}
-----------------

Vectors expressing lncRNA MIR100HG were constructed by Sangon (Shanghai, China). miR-204-5p miRNA Mimic and negative control miRNA were purchased from abm (Richmond, BC, Canada). Cells were cultivated overnight to reach 70--80% confluence. Cells transfections were performed using Lipofectamine 2,000 reagent (11,668-019, Invitrogen, Carlsbad, USA). Doses of vectors and miRNAs were 10 and 50 nM, respectively. Cells treated with Lipofectamine 2,000 reagent were control cells. Cells transfected with empty vectors or negative control miRNA were negative control cells.

In vitro cell proliferation assay {#S0002-S2005}
---------------------------------

Overexpression of lncRNA MIR100HG and miR-204-5p were confirmed by RT-qPCR, and cell proliferation assay was carried out only in cases of overexpression rates of both lncRNA MIR100HG and miR-204-5p were higher than 200%. Cell suspensions with a cell density of 3×10^4^ cells/ml were prepared. Cell suspensions were transferred to a 96-well plate with 0.1 ml per well. Cells were cultivated at 37 °C with 5% CO~2~, followed by the addition of CCK-8 solution (10 ul, Sigma-Aldrich) 24, 48, 72 and 96 h later. After that, cells were cultivated from additional 4 h and OD values at 450 nm were measured.

Cell migration and invasion assay {#S0002-S2006}
---------------------------------

Overexpression of lncRNA MIR100HG and miR-204-5p were confirmed by RT-qPCR, and cell migration and invasion assays were carried out only in cases of overexpression rates of both lncRNA MIR100HG and miR-204-5p were higher than 200%. Cell suspensions with a cell density of 3×10^4^ cells/ml were prepared using serum-free cell culture medium. Cell suspension was transferred to the upper chamber with 0.1 ml per well, while the lower chamber was filled with cell culture medium containing 20% FCS (Sigma-Aldrich, USA), which is the chemical attractant. Cells were cultivated for at 37 °C with 5% CO~2~, followed by the staining of upper chamber membranes with 0.5% crystal violet (Sigma-Aldrich) for 20 min at room temperature. Stained cells were observed and counted under an optical microscope. Migration and invasion assays were performed in the same way except that the upper chamber membrane was pre-coated with Matrigel (356,234, Millipore, Billerica, USA) before invasion assay.

Statistical analysis {#S0002-S2007}
--------------------

All experiments were repeated 3 times and data were recorded and mean±standard dev. Comparisons of expression levels of lncRNA MIR100HG and miR-204-5p between tumor tissues and adjacent healthy tissues were performed by paired *t* test. Comparisons among multiple groups were performed by one-way ANOVA and Tukey test. Correlations between expression levels of lncRNA MIR100HG and miR-204-5p were analyzed by Pearson's correlation coefficient. *p*\<0.05 indicated a difference with statistical significance.

Results {#S0003}
=======

LncRNA MIR100HG and miR-204-5p showed opposite expression pattern in LSCC {#S0003-S2001}
-------------------------------------------------------------------------

Expression of lncRNA MIR100HG and miR-204-5p in tumor tissues and adjacent healthy tissues of 70 LSCC patients was detected by RT-qPCR. Compared with adjacent healthy tissues, MIR100HG was significantly upregulated ([Figure 1A](#F0001){ref-type="fig"}), while miR-204-5p was significantly downregulated ([Figure 1B](#F0001){ref-type="fig"}) in tumor tissues (*p*\<0.05).Figure 1LncRNA MIR100HG and miR-204-5p showed opposite expression pattern in LSCC. Analysis of RT-qPCR data showed that MIR100HG was significantly upregulated (**A**), while miR-204-5p was significantly downregulated (**B**) in tumor tissues than in adjacent healthy tissues. \**p*\<0.05.**Abbreviation:** LSCC,  laryngeal squamous cell carcinoma.

Expression of MIR100HG and miR-204-5p in tumor tissues was significantly affected by AJCC stage {#S0003-S2002}
-----------------------------------------------------------------------------------------------

According to AJCC staging, there were 12 cases at stage I, 18 at stage II, 25 at stage III and 15 at stage IV. As shown in [Figure 2A](#F0002){ref-type="fig"}, expression levels of MIR100HG were significantly increased with the increase of AJCC stages (*p*\>0.05). In contrast, expression levels of miR-204-5p were significantly decreased with the increase of AJCC stages ([Figure 2B](#F0002){ref-type="fig"}, *p*\<0.05).Figure 2Expression levels of MIR100HG and miR-204-5p in tumor tissues were significantly increased with the increase of AJCC stages (\*, *p*\<0.05). Expression levels of MIR100HG were significantly increased with the increase of AJCC stages (**A**). In contrast, expression levels of miR-204-5p were significantly decreased with the increase of AJCC stages (**B**). \**p*\<0.05.

Expression levels of MIR100HG and miR-204-5p were significantly and inversely correlated in tumor tissues {#S0003-S2003}
---------------------------------------------------------------------------------------------------------

Correlations between expression levels of lncRNA MIR100HG and miR-204-5p were analyzed by Pearson's correlation coefficient. As shown in [Figure 3](#F0003){ref-type="fig"}, a significant and inverse correlation between MIR100HG and miR-204-5p levels was found in tumor tissues. However, the correlation between expression levels of MIR100HG and miR-204-5p was not significant in adjacent healthy tissues of LSCC patients.Figure 3Expression levels of MIR100HG and miR-204-5p were significantly and inversely correlated in tumor tissues. Pearson's correlation coefficient analysis revealed a significant and inverse correlation between MIR100HG and miR-204-5p levels in tumor tissues (**A**) but not in adjacent healthy tissues.

Overexpression of MIR100HG mediated the downregulation of miR-204-5p {#S0003-S2004}
--------------------------------------------------------------------

Overexpression of MIR100HG and miR-204-5p was reached in cells of UM-SCC-17A cell line at 24h after transfection ([Figure 4A](#F0004){ref-type="fig"}, *p*\<0.05). Compared with control (C) and negative control (NC) groups, overexpression of MIR100HG led to the downregulation of miR-204-5p in LSCC cells ([Figure 4B](#F0004){ref-type="fig"}, *p*\<0.05), while miR-204-5p, overexpression failed to significantly affect MIR100HG expression ([Figure 4C](#F0004){ref-type="fig"}).Figure 4Overexpression of MIR100HG mediated the downregulation of miR-204-5p. RT-qPCR results showed that overexpression of MIR100HG (left) and miR-204-5p (right) was reached in cells of UM-SCC-17A cell line at 24 h after transfection (**A**). Overexpression of MIR100HG led to the downregulation of miR-204-5p in LSCC cells (**B**), while miR-204-5p, overexpression failed to significantly affect MIR100HG expression (**C**)*\*p*\<0.05.**Abbreviation:** LSCC, laryngeal squamous cell carcinoma.

LncRNA MIR100HG promoted cancer cell proliferation, migration and invasion through miR-204-5p {#S0003-S2005}
---------------------------------------------------------------------------------------------

Compared with control (C) and negative control (NC) groups, overexpression of MIR100HG led to promoted, while miR-204-5p, overexpression led to inhibited proliferation ([Figure 5A](#F0005){ref-type="fig"}), migration ([Figure 5B](#F0005){ref-type="fig"}) and invasion ([Figure 5C](#F0005){ref-type="fig"}) of cells of UM-SCC-17A cell line (*p*\<0.05). In addition, miR-204-5p, overexpression attenuated the enhancing effects of MIR100HG overexpression on cancer cell proliferation, migration and invasion (*p*\<0.05).Figure 5LncRNA MIR100HG promoted cancer cell proliferation, migration and invasion through miR-204-5p. Overexpression led to inhibited proliferation (**A**), migration (**B**) and invasion (**C**) of cells of UM-SCC-17A cell line. In addition, miR-204-5p, overexpression attenuated the enhancing effects of MIR100HG overexpression on cancer cell proliferation, migration and invasion. \**p*\<0.05. Scale bar =50 µm.

Discussion {#S0004}
==========

LncRNA MIR100HG has been proven to be an oncogenic lncRNA in breast cancer. Based on our knowledge, the involvement of lncRNA MIR100HG in other human diseases is unknown. The key finding of the present study is that lncRNA MIR100HG promoted LSCC through the downregulation of miR-204-5p.

miR-204-5p is recognized as a tumor suppression miRNA in most types of cancers, such as colorectal cancer[@CIT0013] and papillary thyroid carcinoma.[@CIT0014] However, a recent study reported that miR-204-5p contribute to development of BRAF inhibitor resistance, which is a big challenge in the treatment of melanoma, indicating the oncogenic role of miR-204-5p in this disease.[@CIT0015] Gao et al in a recent study reported that miR-204-5p was downregulated in LSCC and upregulated expression of miR-204-5p led to inhibited cancer cell invasion.[@CIT0012] Consistent with previous studies, our study also showed the downregulated expression of miR-204-5p in LSCC. Besides cell migration and invasion, our also showed that miR-204-5p overexpression inhibited the proliferation of cancer cells of a LSCC cell line. Our findings enriched our understanding on the functionality of miR-204-5p in LSCC.

It has been reported that the expression of miR-204-5p in cancer development can be regulated by certain lncRNAs, such as lncRNA UCA1[@CIT0016] and lncRNA TUG1.[@CIT0017] In the present study we first reported the upregulated expression of lncRNA MIR100HG in LSCC and its functionality as an oncogene. Interesting, we proved that lncRNA MIR100HG is likely an upstream negative regulator of miR-204-5p, and the downregulation of miR-204-5p by lncRNA MIR100HG participated in the regulation of proliferation, migration and invasion of LSCC cells. Our date provided new insights to the pathogenesis of LSCC.

It is worth noting that the expression levels of miR-204-5p and lncRNA MIR100HG were significantly and inversely correlated only in LSCC tissues but not in adjacent healthy tissues, indicating the exiting of pathological mediators between miR-204-5p and lncRNA MIR100HG in LSCC. In addition, overexpression of miR-204-5p only partially attenuated the enhancing effects of lncRNA MIR100HG overexpression on cancer cell proliferation, migration and invasion, indicating the existing of multiple downstream effectors of lncRNA MIR100HG in LSCC.

Conclusion {#S0005}
==========

LncRNA MIR100HG overexpression promotes LSCC by downregulating miR-204-5p.
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